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Abstract 
As the most populated country of the world, China is a major source of aerosols which may contribute 
significantly to the regional climate and its changes. Following a series of extensive observation campaigns, a 
wealth of general and specialized measurements were acquired to allow extensive and close-up investigations of 
the optical, physical and chemical properties of anthropogenic, natural, and mixed aerosols; their sources, 
formation and transport mechanisms; horizontal, vertical and temporal variations; direct and indirect effects and 
interactions with the East Asian monsoon system. Particular efforts have been made to advance our understanding 
of the mixing and interaction between dust and anthropogenic pollutants during transport. Modeling studies were 
also carried out to simulate aerosol impact on radiation budget, temperature, precipitation, wind and atmospheric 
circulation, fog, etc. Major observation campaigns and scientific achievements towards these goals are reviewed 
in this paper. 
 
1. Overview of Climate Changes in China  
Perhaps the most noticeable change of climate in China is 
a reduction of 35% in visibility from the 1960s to the 1980s.  
During this period, the amount of direct solar radiation 
reaching the ground decreased by about 8.6% [Luo, 2001; 
Liang and Xia, 2005; Shi et al., 2008], while global total 
solar radiation decreased by about 4.6% per decade [Shi et 
al., 2008]. Sunshine duration also decreased significantly 
over a large portion of China in the second half of the past 
century [Kaiser and Qian, 2002].  
The decrease in solar radiation is at odds with a general 
decrease in the annual mean cloud cover (1-3%/decade) and 
rainy days (1-4% /decade) observed at many ground stations 
[Kaiser, 1998; Liang and Xia, 2005], which is consistent 
with changes in the frequencies of cloud-free sky and 
overcast sky [Qian et al., 2006]. While temperature has 
shown a general increasing trend over much of China, 
significant cooling trend was observed surrounding the 
Sichuan Basin and central eastern China from 1960s to 
1990s [Qian and Giorgi, 2000; Xu et al., 2006]. These 
studies suggest that increased atmospheric pollutants from 
human activities during the past several decades may have 
produced a fog-like haze that resulted in less sunshine and 
decreased solar radiation reaching the surface, reduced 
evaporation, and moderated the warming trend over heavily 
polluted areas. 
Changes in precipitation follows a general trend of 
“southern flood and northern drought”. By means of model 
sensitivity tests and data analysis, Xu [2001] and Menon et al. 
[2002] argued that the change in precipitation pattern is 
linked to the aerosol direct effect.  By using the observed 
trend of AOD [Luo et al., 2001] and an assumed constant of 
aerosol single scattering albedo (o) of 0.85, Menon et al. 
[2002] obtained similar gross trends in modeled and 
observed temperature and precipitation trends. It is 
worthnoting that the o as retrieved from a combination of 
satellite and ground observation is highly variable and the 
mean value across China is close to 0.90 [Lee et al., 2007; 
Zhao and Li, 2007].  Thus additional mechanisms appear 
to be at work as well to explain the observed climate change 
trends. 
 
2. Major Observation Campaigns in China 
Various observation activities have taken place since 2004 
with the following overarching goals: 
(1) to acquire essential aerosol and meteorological 
measurements for investigating the impact of aerosols 
on regional climate,  
(2) to understand the mechanisms governing aerosol- 
climate interactions and how aerosols impinge on the 
regional impact under diverse atmospheric 
environments ,  
(3) to examine the roles of aerosols in affecting 
atmospheric circulation particularly on the East Asian 
monsoon system. 
 
The first observation initiative is the East Asian Studies  
of  Tropospheric  Aerosols:  an  International  Regional 
Experiment (EAST-AIRE) (Li et al. 2007a). In the first 
phase of the study, focus has been placed on obtaining in situ  
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Figure 1. Observation stations and instruments for the EAST-AIRE project. 
and remote sensing measurements of aerosols and pollutant 
gases near or down wind of major source regions throughout 
inland China. Both routine and intensive observation 
campaigns (IOC) were conducted with ground-based and 
airborne measurements. Extensive measurements were 
made at 2 baseline stations measuring aerosol, cloud and 
radiation quantities, 25 stations measuring AOD at multiple 
wavelengths; and ground-based and airborne IOCs 
measuring the physical and chemical properties of aerosol 
particles and precursor gases, and cloud and radiation 
quantities. The observation stations and instruments are 
shown in Figure 1. 
The second-phase of the study was conducted from 
April-December 2008 at multiple sites in China with the 
central station equipped with the Atmospheric Radiation 
Measurement (ARM) Mobile Facility (AMF) at Shouxian in 
Anhui province of China, approximately 500 km west of 
Shanghai in the Jiang-Huai prairie region between the Huai 
and Yangzi rivers, together with three ancillary sites as 
shown in Figure 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Observation sites in the 2nd phase of study with the ARM mobile facility at Shouxian, Anhui, China. 
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AMF provides virtually complete description of the state 
of the atmosphere, the surface and the boundary layer to help 
understand various atmospheric processes.  It consists of a 
suite of in-situ, passive and active remote sensing 
instruments to characterize the properties, location and 
evolution of cloud, aerosol, and meteorological profiles. 
Cloud radar observes cloud location, reflectivity, particle 
vertical velocity, and velocity distribution above the facility. 
Aerosol optical/physical properties and vertical profiles were 
measured, together with solar/terrestrial upwelling and 
down-welling radiation, surface latent, sensible, and CO2 
fluxes and standard surface meteorological variables.   
Thanks to the unprecedented operation of 95-GHz cloud 
radar in China, the vertical structure of clouds is observed for 
the first time. The cloud radar data are used to train and test 
an algorithm for estimating cloud layers using radiosonde 
data to detect cloud layers was tested, modified and applied 
to the data acquired from May to Dec., 2008 [Zhang J. et al., 
2010]. To complement AMF’s comprehensive observations, 
a station situated at Taihu was substantially enhanced in 
instrumentation. Established as an EAST-AIRE baseline 
station [Li et al., 2007b], fundamental aerosol, cloud, and 
radiation variables have been measured continuously since 
2005. Taihu is surrounded by several large cities in the 
Yangtze delta region: Shanghai, Hangzhou, Nanjing, Suzhou 
and Wuxi (the closest). 
In addition to the two southern sites, the NASA’s 
SMART-COMMIT was deployed at two northern sites near 
the Gobi desert (Zhangye) and Beijing (Xianghe). SMART 
consists of more than 30 remote-sensing instruments 
measuring the optical and physical properties of aerosols, 
cloud, precipitation and radiaiton, while the COMMIT 
contains 20-some in-situ instruments to measure trace-gas 
concentrations, fine and coarse particle size, aerosol mass 
(PM1, PM2.5 and PM10) and chemical composition. It was 
first deployed at Zhangye from April to June, and moved to 
Xianghe from June to end of October in northeastern China 
to enhance the observations during the Olympic Games. 
 
3. Aerosol Properties and Radiative Forcing 
Through the EAST-AIRE, we have obtained (1) the 
temporal and spatial distributions of aerosol loading and 
precursor gases [Li C. et al., 2007], (2) aerosol single 
scattering albedo (o) [Zhao and Li, 2007; Lee et al., 2007; 
Chaudhry et al., 2007], (3) aerosol direct radiative effects at 
a few sites [Li et al., 2007a, Xia et al., 2007a,b,c], (4) 
validation results of satellite products [Li et al., 2007c; Mi et 
al., 2007], and (5) transport mechanisms [Dickerson et al., 
2007].  Lee et al. [2010] proposed a new Langley method 
to be able retrieve AOD under variable atmospheric 
conditions that was applied to derive annual mean AOD at 
three sites during the 2008 campaign: 0.99, 0.87 and 0.84 
respectively for Xianghe, Taihu and Shouxian.   
Using ground-based aerosol optical depth [Xin et al. 
2007] and single scattering albedos retrieved from a 
combination of satellite and ground-based observations [Lee 
et al., 2007], the first observation-based estimates of aerosol 
radiative forcing at the top, bottom and inside of the 
atmosphere were made across [Li et al. 2010].  On average, 
aerosol-induced cooling at the surface is compatible with the 
warming in the atmosphere, leading to virtually nil effect for 
the atmosphere-surface system.  
An important source of sulfate was discovered in spring 
that has been previously overlooked [Guo et al. 2010] 
following sulfur isotope analysis and applying scanning 
electron microscope (SEM) imaging technique to the 
samples acquired in China. The same aerosol samples were 
analyzed in a chemical lab to study the concentrations of 
major elements and water-soluble ions at the Xianghe site 
[Li C. et al. 2010b], leading to a finding of unexpected high 
level of lead (mean: 0.28 μg/m3) for this non-urban site.  
The lead was enriched by over 100 fold relative to the 
Earth’s crust.  
During the AAF field experiment in the spring of 2008, 
three Micro-Pulse Lidar (MPL) systems were deployed in 
northwestern China near the major desert source regions. 
Analyzing these measurements, Huang Z. et al. [2010] 
attribute the observed high-altitude dust layer over Zhangye 
to the site’s proximity to dust sources.   
Li C. et al. [2010c] investigated several trace gases and 
aerosol properties were measured during the AAF 
deployment from April to June, 2008 at Zhangye, a site 
located within the Hexi Corridor in northwestern China. 
Logan et al. [2010] linked air-borne dust measurements in 
the central Pacific to the dust observed on the ground in 
China, a signal of long-range transport in far downstream 
regions. 
 
4. The Roles of Aerosols on Climate Changes in China 
The global trend of dimming to brightening was also 
found in China from 1950s to 2000 Wang and Shi [2010]. To 
understand the trend, the spatial and temporal variability of 
sunshine duration and total/low cloud cover across China 
was examined in Xia [2010]. A significant decreasing trend 
(>-1%/decade) in total cloud cover was found although a 
slightly increasing trend in low cloud cover was seen. 
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Annual sunshine duration decreases by -1.7% per decade, 
which is consistent with the results of Kaiser and Qian 
[2002]. 
Given the well-established long-term trend, a key 
question was addressed whether current global climate 
models can reproduce the trend. Dwyer et al. [2010] found 
that all of the GCMs reproduce the dimming trend over 
China before 1990 consistent with the observations, but the 
magnitude of simulated trends is much less than that 
observed.  Yet, models cannot reproduce the brightening 
trend after 1990. Long-term (1956 to 2005) declining trend 
of light precipitation was attributed to increasing aerosol 
loading by Qian et al. [2009]. Niu et al. [2010] revealed a 
doubled increase of winter fog events in central eastern 
China during past 30 years where aerosol loading is higher 
and experienced more rapid changes than many other 
regions. By means of controlled and experimental model 
(NCAR CCM3) runs, they found that increase in 
atmospheric aerosols can generate a cyclonic circulation 
anomaly to offset the predominant Siberian high-pressure 
system and thus reduces the flow of dry and cold air to 
eastern-central China, more favorable for fog to form.  
In western China, previous studies found a decreasing 
trend for the dust events [Qian et al., 2002]. The reduced 
dust activities are corroborated with increasing precipitation 
in western China, as shown in Gu et al. [2010].  In an 
attempt to understand the causes for the decadal changes, 
they carried out model simulations and concluded that 
light-absorbing aerosols are the primary cause for 
precipitation increase which leads to the reductions in dust 
storm frequency and intensity [Gu et al. 2010]. 
 
5. Conclusions 
The sources, distribution, and effects of aerosols over East 
Asia, particularly China, have drawn much attention over the 
past several years. Thanks to the intensive observation 
campaigns as outlined here, significant progress has been 
made towards better understanding of various aspects of the 
East Asian aerosols, including their spatiotemporal 
variations, optical and microphysical characteristics, and 
chemical composition of both anthropogenic and natural 
aerosols, enabling the estimation of the aerosol radiative 
effects. These coordinated new measurements also allow for 
more in-depth investigations into the key processes 
governing aerosol-climate interactions, long-range transport 
and evolution of aerosols, the interaction of various aerosol 
species, and the source-receptor relationship on regional 
scales.  The data and knowledge learned from the field 
experiments have been proven highly valuable for 
conducting regional and global model simulations to address 
the climatic impact of East Asian aerosols on regional and 
global climate. 
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